An increasing percentage of childhood cancer patients are surviving their disease, but there is limited research on late recurrence. We sought to estimate late recurrence rates for the most common pediatric cancers and to determine risk factors for late recurrence.
Substantial progress has been made since the 1960s in improving survival from childhood and adolescent cancer. Overall 5-year survival in the 1960s was estimated at 28%, whereas current 5-year survival rates approach 80% ( 1 ) . Often, 5-year disease-free survival is used to denote a cure; however, recurrences more than 5 years from diagnosis do occur. In 2008, Mertens et al. ( 2 ) reported on very late mortality in 5-year survivors of childhood cancer from the Childhood Cancer Survivor Study (CCSS) and found that the leading cause of death for 5-year survivors was recurrence or progression of the original cancer until 20 years from diagnosis.
The current literature on late recurrence is mostly limited to case reports, case series, and long-term analyses of specifi c cancers treated through individual study groups or institutions ( 3 -28 ) . Although these reports are limited by sample size and length of observation, they have led to some recommendations for routine follow-up evaluations and treatment. For example, it is routine to continue annual imaging more than 5 years after treatment of bone sarcomas for early detection and intervention of late pulmonary relapse ( 13 , 29 , 30 ) . For other diseases such as acute lymphoblastic leukemia and Hodgkin lymphoma, increased patient survival beyond 5 years has been accompanied by an increase in late recurrences ( 3 , 11 , 26 , 31 ) . The timing and probability of "cure" for this pediatric population depend on several factors, including cancer type and treatment regimen.
As more pediatric cancer patients enter long-term follow-up as survivors of their cancer, it is important for both patients and physicians to appreciate the risk of recurrence. Knowledge of a survivor's risk is particularly important because of the inconsistencies seen with the length of follow-up and surveillance completed for childhood cancer survivors. Although "cure" is diffi cult to defi ne in this patient population, many survivors may not have formal oncology follow-up once they are considered "cured" by their primary oncology physician ( 32 ) . Moreover, young adult survivors of childhood cancer eventually age-out of pediatric care and have uncertain medical follow-up into adulthood.
The CCSS is the largest cohort of adult survivors of childhood cancer under direct surveillance in the United States and is uniquely able to assess the outcome of late recurrence across diagnoses ( 33 ) . The primary objectives of this analysis were to assess the risk of relapse 5 years or more after original diagnosis and to determine patient and cancer characteristics that affect risk of late relapse. Understanding diagnosis-specifi c risks of recurrence can aid the formulation of evidence-based recommendations for longterm disease surveillance and help inform patients and families of the probability of a late relapse.
Patients and Methods

Study Population and Design
The CCSS cohort characteristics and study design have been previously described in detail ( 34 ) . In brief, CCSS is a retrospective cohort of 14 359 five-year survivors of childhood cancer who were younger than 21 years at diagnosis and diagnosed between 1970 and 1986 at participating institutions (see Appendix 1 ). The following types of cancer are included in the cohort: leukemia, central nervous system (CNS) tumors, Hodgkin lymphoma, non-Hodgkin lymphoma, malignant kidney tumors, neuroblastoma, soft tissue sarcoma, or bone tumors. These diagnoses represent 80% of cancer cases in this age group ( 33 ) .
CCSS data include self-report questionnaires and medical record abstraction from the treating institution as previously described ( 34 ) . Primary diagnosis and detailed treatment data (including chemotherapy, radiation therapy, and surgeries) with initiation and end dates were abstracted from the medical records of the treating institution using a standard medical record abstraction form. Study questionnaires and medical record abstraction forms can be found at www . stjude . org / ccss . Recruitment of eligible subjects by participating institutions began in August 1994 according to a uniform CCSS protocol. The protocol and contact documents were reviewed and approved by the institutional review board at each institution. Written informed consent was received from all participants 18 years or older and from a parent or guardian of participants younger than 18 years.
Late Recurrence
The study population for this analysis consisted of all 12 795 CCSS participants who had not experienced a recurrence of their original disease within the first 5 years following diagnosis ( Figure 1 ). Subjects with an early recurrence (n = 1564) were excluded from this analysis because our focus was on late recurrences only. A late recurrence was defined as a relapse of the primary cancer that occurred beyond the 5-year anniversary of the original cancer diagnosis. Late recurrences were determined through self-report, medical record -based treatment data and/or mortality data. Self-reported recurrences occurring before December 31, 2002, were determined from three CCSS surveys administered before 2005 (Baseline; Follow-up 2000, and Follow-up 2003). Participants were asked to report the occurrence and date of any relapse or new cancer since their original diagnosis or since the completion of their previous CCSS questionnaire. All positive responses were independently reviewed by a single pediatric oncologist, and any reported outcomes that were suggestive of a new cancer were confirmed by pathology report. Only relapses of the primary cancer and not second malignant neoplasms were considered for this analysis.
Cancer treatments 5 years or more after the original diagnosis for all eligible study subjects, regardless of whether they had selfreported a late recurrence, were reviewed by one of the study investigators (K. Wasilewski-Masker). Medical record data reported by the CCSS institution were analyzed for greater than 6-month gaps in treatment or reinitiation of therapy that was consistent with the treatment of recurrent cancer. Surgeries that occurred 5 or more years after diagnosis were also counted, along with chemotherapy or radiation, as validation of recurrence status. Mortality status was obtained as previously reported by notifi cation from a family member or by a listing in the National Death Index up until December 31, 2002 ( 35 ) . In brief, if the subject had survived 5 years but subsequently died, a family member, usually a parent, was asked for information that included whether the death was because of the original cancer. Information from the original cancer diagnosis, death certifi cate, and from the parent's interview was
CONTEXT AND CAVEATS
Prior knowledge
Pediatric patients are increasingly surviving cancer, but more information was needed about incidence and risk factors for late recurrence.
Study design
Using data from the Childhood Cancer Study for 12 795 five-year survivors of the most common pediatric cancers, cumulative incidence of late recurrence at 5, 10, 15, and 20 years after diagnosis was calculated using death as a competing risk.
Contribution
Overall, 4.4% of pediatric cancers recurred by 10 years and 6.2% by 20 years after diagnosis. However, both Ewing sarcoma and astrocytoma recurred in more than 13% of cancer survivors. Earlier treatment era and combination treatment with radiation and chemotherapy were associated with increased risk of late recurrence.
Implications
These data help identify which cancer survivors are at greatest risk for recurrence and hence should be followed up more closely. They also help identify which treatment modalities are associated with greater long-term risk.
Limitations
The database used lacked subgroup data regarding disease stage, histology, treatment details, and sites of recurrence, all of which could have been useful for making more specific conclusions and recommendations. Also, for many, cancers recurrence rates are likely to have diminished as treatments improved over time; however, treatment era was not taken into account in this study. reviewed to categorize whether the cause of death was recurrent or progressive disease. Patients were categorized as having had "no recurrence" when neither they nor their families reported a recurrence, and we had no other evidence of recurrence from treatment data or a death certifi cate.
From the Editors
Statistical Analysis
Descriptive data that included sex, race and/or ethnicity, primary diagnosis, treatment before recurrence, vital status, age at diagnosis, age at last follow-up, and years of follow-up since entry into the cohort were summarized for the 806 subjects with a late recurrence and compared with data for the 11 989 subjects with no recurrence.
Cumulative incidence of the fi rst late recurrence was estimated by taking death as a competing risk and censoring at either the completion date for the last questionnaire or December 31, 2002, whichever was earlier ( 36 ) . Multivariable Poisson regression was used to estimate the effects of multiple factors on the rate of late recurrence, and specifi cally focused on effects of primary diagnosis groups, using log person-years as an offset ( 37 ) . The proportionality assumption of hazard functions was assessed graphically. Adjustment variables for the multivariate model included sex, race (non-Hispanic white, non-Hispanic black, Hispanic, and other), treatment modalities (chemotherapy and radiation, chemotherapy only, radiation only, and no chemotherapy or radiation), age at diagnosis (0 -4, 5 -9, 10 -14, and 15 -20 years), treatment era (1970 -1972, 1973 -1975, 1976 -1978, 1979 -1981, 1982 -1984, and 1985 -1986) , and years since diagnosis (5 -9, 10 -14, 15 -19, 20 -24, and ≥ 25). Person-years at risk for late recurrence started at the 5-year anniversary from the original cancer diagnosis and ended at the earliest of late recurrence, death, December 31, 2002, or date of completion of the last questionnaire. All treatment exposures within the fi rst 5 years from the original diagnosis were considered.
Statistical analyses were conducted using SAS Version 9.1 and R Version 2.5.1. All statistical inferences were two-sided.
Results
The study population included a total of 217 127 person-years at risk for late recurrence beginning at cohort entry ( Table 1 ). The median age of the 12 795 eligible subjects was 8.3 years (range 0 -20 years) at original diagnosis and 26 years (range 5.9 -53.8 years) at follow-up, with a maximum of 34.6 years (median 21.6 years) of follow-up from initial diagnosis. Among the 12 795 subjects eligible for this analysis, 806 experienced a late recurrence ( ≥ 5 years from diagnosis). The majority of late recurrences (69.1%) occurred from 5 to 10 years after diagnosis, but late recurrences ranged from 5 to 29.0 years after the original diagnosis. At follow-up, 92.9% of the childhood cancer survivors with no recurrence were alive compared with 49.1% of those who had had a late recurrence.
Cumulative Incidence
Estimates of cumulative incidence of late recurrence were 4.4% at 10 years, 5.6% at 15 years, and 6.2% at 20 years for all childhood cancer survivors, regardless of cancer type. A slightly higher cumulative incidence of late recurrences was seen in male survivors compared with female survivors and in all other racial and/or ethnic groups compared with blacks ( Table 2 ) . Subjects with Ewing sarcoma (13.0% at 20 years, 95% confidence interval [CI] = 9.4% to 16.5%) and astrocytoma (14.4% at 20 years, 95% CI = 12.3% to 16.6%) were at highest risk for late recurrence ( Table 2 and Figure 2 ). Survivors of kidney tumors were at the lowest risk for recurrence of a childhood cancer (0.9% at 20 years, 95% CI = 0.4% to 1.5%; Table 2 and Figure 2 ).
Cumulative incidence of late recurrence among childhood cancer survivors who had already experienced recurrence-free survival for 5, 10, 15, or 20 years from original diagnosis progressively declined in all diagnostic groups over time ( Figure 3 ). However, survivors of CNS malignancies remained at a relatively high risk of recurrence even after 15 -20 years of recurrence-free survival. For Hodgkin lymphoma, soft tissue sarcoma, and Ewing sarcoma patients who had survived without recurrence for 10 years, there was a greater than 3% incidence of subsequent recurrence. For most pediatric cancers, relapse after 15 years of recurrence-free survival is rare.
Multivariable Analysis
Multivariable Poisson regression analysis that included diagnosis group, sex, race and/or ethnicity, treatment modality, age at diagnosis, treatment era, and years since diagnosis as covariates was used to determine independent risk factors for late recurrence ( Table 3 ). The greatest risk factors for late recurrence included a diagnosis of Ewing sarcoma or a CNS tumor, combination treatment with chemotherapy and radiation, earlier treatment era, and fewer years since diagnosis ( P < .001 for all). 
Table 1 (continued).
medulloblastoma or primitive neuroectodermal tumors: RR = 2.4, 95% CI = 1.6 to 3.5; other CNS tumors: RR = 2.3, 95% CI = 1.4 to 3.7) were at a higher risk for late recurrence than childhood acute lymphoblastic leukemia survivors. Survivors of kidney tumors (Wilms) and non-Hodgkin lymphoma were at statistically significant lower risk (RR = 0.2, 95% CI = 0.1 to 0.3 and RR = 0.3, 95% CI = 0.2 to 0.5, respectively) compared with survivors of acute lymphoblastic leukemia. Males had a 1.2-fold (95% CI = 1.0 to 1.4) higher relative risk compared with females for the recurrence of childhood cancers overall. Risk of late recurrence was somewhat higher in those who were diagnosed at older ages as compared with those who were diagnosed when younger. As expected, the risk of late recurrence decreased with increasing time since diagnosis and later treatment era. Multivariable Poisson regression using all variables in Table 3 except diagnosis was next used to assess the effect of treatment on late recurrence in each of the diagnosis groups. Treatment effect was statistically signifi cant for only astrocytomas and Hodgkin lymphoma with cumulative incidence of late recurrence greatest for patients who were treated with chemotherapy only for both diagnoses ( Figure 4 ) . The interaction between treatment and era was tested and was not signifi cant ( P = .24 for astrocytomas and P = .27 for Hodgkin lymphoma), thus treatment effect did not differ by treatment era.
Discussion
Five-year disease-free survival is often interpreted to mean "cure." However, this study of 5-year disease-free survivors of the most common forms of childhood cancer diagnosed between 1970 and 1986 demonstrated a 6.2% cumulative incidence for a recurrence from 5 to 20 years after the primary diagnosis. Although the majority of recurrences occurred 5 -10 years after diagnosis, late recurrences occurred up to 29 years after diagnosis. Survivors of Ewing sarcoma and astrocytoma were at highest risk of a late recurrence, whereas survivors of kidney tumors were at lowest risk.
The CCSS cohort provides a unique opportunity to study outcomes, including late recurrence, among long-term survivors of childhood cancer. The large number of adult survivors of childhood cancer who are under direct and active surveillance in CCSS, coupled with the extended length of follow-up, provides one of the largest and most comprehensively characterized cohorts available for the study of late recurrence rates. Determination of the rates and patterns of late recurrences for specifi c types of childhood cancer is important to provide guidance to patients, who need to know the probability of recurrence after having survived recurrence-free for their particular diagnosis, and to providers to help inform recommendations on long-term disease surveillance.
It has been suggested that "cure" be defi ned as the point at which the chance of mortality from the original cancer is equal to that of death from any cause in the general population ( 32 ) . Although one can question the basis for this proposed defi nition, the fact that recurrence confers subsequent increased risk for early death is well documented and supported by this study. Recurrence or progression of the primary cancer was the most common cause of mortality among childhood cancer survivors from 5 to 20 years after diagnosis in an earlier analysis of late mortality in the CCSS cohort ( 2 ) . Both in our analysis of late recurrence and in the previous analysis of late mortality, survivors of brain tumors and Ewing sarcoma were at highest risk and survivors of renal tumors were at lowest risk ( 2 ) . Additionally, at the time of follow-up, only 49.1% of those with a late recurrence were alive compared with 92.9% of survivors with no recurrence.
Families and providers often want to know when the risk for recurrences becomes so low that they may consider using the term "cured." Although these data demonstrate that most disease-free survivors will be "cured" 5 years from diagnosis, there remain survivors among all diagnoses at risk for late recurrence. It is likely impossible to say when an individual survivor is "cured." What can be confi rmed by this analysis are those at higher and lower risk for a late recurrence, which can help direct surveillance practices.
Although surveillance neuroimaging is often used to detect recurrence of brain tumors, the optimal length and cost-effectiveness of such surveillance are not known ( 39 ) . Our analysis confi rms a risk of recurrence of pediatric cancers up to 25 years after the original diagnosis, which may help to validate long-term surveillance practices. For example, because it is well appreciated that late recurrence can occur among Ewing sarcoma survivors ( 9 , 12 , 16 , 24 , 40 -42 ) , the European Society of Medical Oncology currently recommends that survivors be followed annually with radiographic scans between 5 and 10 years after treatment ( 30 ) . The approximately 9.4% rate that we observed for a fi rst recurrence of Ewing sarcoma between 5 and 10 years after the primary diagnosis validates European Society of Medical Oncology recommendations. Extended follow-up (range 5 -35 years) in our study indicates that although the cumulative incidence of a late recurrence among Ewing sarcoma survivors increases to approximately 13% at 20 years, recurrence among those patients who have survived at least 15 years is low. Therefore, it may be advisable to extend surveillance for Ewing sarcoma survivors to 15 years. Conversely, our fi ndings confi rm that long-term radiological follow-up for recurrence of Wilms tumor is not justifi ed ( 43 ) . In this era of increasing health-care costs, it is important to determine which survivors are at low risk of late recurrence, for whom longterm surveillance is not warranted.
Our analysis was limited by the lack of subgroup data needed to make more specifi c recommendations with regard to risk and * CI = confidence interval; CNS = central nervous system; PNET = primitive neuroectodermal tumor. Cumulative incidence curves were compared using the method proposed by Gray ( 38 ). surveillance. The medical record abstraction data for the CCSS do not contain detailed information, such as disease stage, histology, or biology. Subgroups of pediatric cancers that differ based on these features may also differ with respect to risk of late recurrence. For example, although late recurrence was rare for neuroblastoma and non-Hodgkin lymphoma, caution should be taken in making generalized recommendations based on these low recurrence rates, given the heterogeneity of these diagnoses.
In addition, the medical record abstraction that we used was limited to dates of recurrences and did not include detailed data, such as sites of recurrence. The relatively low late recurrence rate that we observed among osteosarcoma survivors, with few recurrences reported beyond 10 years, was unexpected. Previously published reports have led to recommendations for prolonged screening up to 10 years after completion of therapy for pulmonary relapse in survivors of osteosarcoma ( 6 , 13 , 29 , 44 ) . Within the CCSS cohort, late pulmonary relapse could have been underestimated if it was not self-reported and was treated with surgery alone.
Our study could be limited by reliance on self-reported and available medical record information, which could result in underascertainment of late recurrences overall. Medical records may be incomplete if treatment for a late recurrence occurred at another institution. Also, self-reported data are not infallible: Although the majority of childhood cancer survivors have general knowledge about their cancer diagnosis and treatment, they lack specifi c knowledge (45) , which could particularly affect the retrospective collection of information on recurrence status and dates. Because the CCSS has a rigorous process for validation of second malignant neoplasms (46) , it is less likely that overreporting could occur due to misclassifi cation of a second malignant neoplasm as recurrent cancer. Also, it is important to interpret results from the CCSS cohort with the understanding that survivors were diagnosed between 1970 and 1986. Though long-term follow-up is needed to establish late recurrence rates, survival and treatment approaches are continually changing for more recently diagnosed patients. For example, in the treatment era of this report (ie, among those patients diagnosed between 1970 and 1986), only a small proportion of children survived high-risk neuroblastoma ( 47 , 48 ) . Thus, the majority of neuroblastoma survivors in this cohort likely had low-or intermediate-risk disease. As treatment has intensifi ed for highrisk neuroblastoma and other childhood cancers with a poor prognosis, late recurrence will likely be increasing as greater disease control is achieved in the nearer term ( 15 , 49 , 50 ) . However, with improved survival and implementation of more effi cacious treatment regimens for pediatric cancers on the whole, the risk of late recurrence may be reduced overall ( 33 , 47 ). Lastly, late, as opposed to early, recurrence rates may be higher for survivors in the cohort that was treated in the era before magnetic resonance imaging and in some cases the era before computed tomography, for whom detection may have been delayed compared with more recently diagnosed patients. For example, the incidence of brain tumors has increased over the past 30 years, but this is likely because of improved imaging techniques ( 51 ) . Diagnosis of recurrences of CNS tumors and other malignancies that rely on magnetic resonance imaging for optimal imaging is likely to be similarly improved.
Results from the CCSS cohort, while historical, are helpful to serve as a basis for discussions with patients and their parents on the diagnosis-specifi c risk of late recurrence. Although they are not common, late recurrences do occur in childhood cancer. For certain diagnoses such as Ewing sarcoma and CNS tumors, patients remain at substantial clinical risk for recurrence beyond 10 years from diagnosis. Because the risk for a late recurrence extends into young adulthood for many survivors, it is essential to maintain insurance coverage and to transition care to adult providers when appropriate for continued follow-up. Future research is needed to determine the risk of recurrence in subgroups of survivors and the cost-effectiveness of long-term disease surveillance in at-risk patient groups because these factors need to be considered in long-term follow-up and transitional care plans.
Appendix 1
The Childhood Cancer Survivor Study (CCSS) is a collaborative multi-institutional project, funded as a resource by the National Cancer Institute, of individuals who survived 5 or more years after diagnosis of childhood cancer.
CCSS is a retrospectively ascertained cohort of 20 346 childhood cancer survivors diagnosed before age 21 between 1970 and 1986 and approximately 4000 siblings of survivors, who serve as a control group. The cohort was assembled through the efforts of 26 participating clinical research centers in the United States and Canada. The study is currently funded by a U24 resource grant (National Cancer Institute U24 CA55727) awarded to St Jude Children's Research Hospital. Currently, we are in the process of expanding the cohort to include an additional 14 000 childhood cancer survivors diagnosed before age 21 between 1987 and 1999. For information on how to access and use the CCSS resource, visit www . stjude . org / ccss
